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(54) Biological signal transmission apparatus 

(57) An electrode 4 for detecting a biological signal 
and a loop antenna 3 are integrally mounted on a sup- 
port 2 placed on the surface of a living body and a trans- 
nnitter 5 is placed on the support 2. A biological signal 
detected on the electrode 4 is input through a connector 
11 to electric circuitry lOof the transmitter 5 and an elec- 



tric signal processed by the electric circuitry 1 0 is output 
through connectors 12 and 13 to both ends of the loop 
antenna 3 from which the biological signal is emitted to 
a receiver. At this time, the opening face of the loop an- 
tenna 3 is in a direction almost perpendicular to the sur- 
face of a living body for improving sensitivity. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to a biological signal 
transmission apparatus of a medical telemeter for trans- 
mitting a biological signal from a transmitter through an 
antenna to a receiver and in particular to a biological 
signal transmission apparatus using a loop antenna, a 
microstrip antenna as an antenna. 

Related Art 

[0002] A system for transmitting by radio a biological 
signal detected on an electrode placed on a subject to 
a nearby computer diagnostic apparatus, etc., via an an- 
tenna for diagnosis is known. Hitherto, various proposi- 
tions have been made as a transmission apparatus 
used with such a system, 

[0003] In a proposition described In JP-A-60-971 03U, 
two electrodes 502 and 503 attached to a chest belt 501 
and a transmitter main unit 504 placed on a wrist of a 
subject are connected by electrode leads 505 and 506, 
as shown in FIG. 34. An antenna line 507 from the trans- 
mitter main unit 504 Is placed closely on the leads 505 
and 506 in parallel therewith and an end of the antenna 
line 507 is buried in the chest belt 501 . The electrode 
leads 505 and 506 and the antenna line 507 are insu- 
lated from each other and the end of the antenna line 
507 is also electrically insulated so as not to touch the 
body surface of the subject. 

[0004] According to the proposition, the antenna line 
507 is placed closely on the leads 505 and 506 and thus 
can be made 1 m or longer without disturbing any mo- 
tion, and the efficiency of the transmitter 504 can be im- 
proved and miniaturized for enhancing portability of the 
transmitter. 

[0005] In a proposition described in JP-A- 
62-202804U, a pair of electrodes 201 and 202 is placed 
in unit cases 203 and 204, which are opened at bottoms 
for exposing the electrodes 201 and 202, and both ends 
of an antenna line 205 are connected to the electrodes 
201 and 202, as shown In FIG. 35. The unit cases 203 
and 204 are coupled by a connection cable 206 and the 
antenna line 205 is inserted Into the connection cable 
206. 

[0006] According to ^^g^gESf '^'ST' electrodes 
201 and^02^aced:if¥^^^^^^^pses^^^pl^04 
are fitted to a^heart rat^^ectlon part of a living body 
and a signal from the antenna line 205 is transmitted, 
so that the device is easily attached and detached and 
moreover can be placed without an oppressive feeling 
or a feeling of wrongness on the chest of the subject. 
[0007] In a proposition described in JP-A-63-32501 U, 
a device comprises a pair of electrodes 301 and 302, a 
transmitter main unit 303 having electric circuitry for 



processing an electrocardiographic signal detected on 
the electrodes 301 and 302, and an antenna 304 for 
sending the resultant signal to a receiver by a radio 
wave, as shown in FIG. 36. The antenna 304 is covered 
s with water-repellent fibers and is put on the surface of 
a human body. 

[0008] According to the proposition, the antenna 304 
is covered with water-repellent fibers and is connected 
to the transmitter main unit 303 so that It is put on the 

10 surface of a human body. Thus, when the device is at- 
tached to a subject: clothes of the subject do not swell 
locally and moreover it Is not feared that the electrode 
301, 302 may be off the attachment point. Resultantly. 
sufficiently strong radio waves can be sent to the recelv- 

is er in addition to ease of use. 

[0009] In a proposition described in JP-A-9-108194, 
a base sheet 401 placed on the anterior chest wall of a 
subject Is formed like an L letter, a longwise portion 401a 
is put along the breast bone line of the subject, and a 

20 widthwise portion 401 c is directed toward the heart side 
from a corner 401 b positioned near the xiphisternum of 
the subject, as shown in FIG. 37. The base sheet 401 
is formed on a rear with an adhesion layer made to ad- 
here to the anterior chest wall. A first electrode 402 is 

25 attached in the proximity of the corner 401b, a second 
electrode 403 is attached in the proximity of the upper 
end part of the longwise portion 401a, and a third elec- 
trode 404 is attached in the proximity of a side end part 
of the widthwise portion 401c. Further, a fourth electrode 

30 405 is attached slantingly below the second electrode 
403 and a fifth electrode 406 is attached above the third 
electrode 404. 

[0010] Of the five electrodes arranged as described 
above, a induction is detected between the electrodes 

35 402 and 403 and p induction is detected between the 
electrodes 403 and 404. y Induction for ischaemia of 
side and front and rear walls in a high-potential direction 
week in sensitivity only with a induction and p induction 
is detected by means of the electrodes 405 and 405. 

40 The electrocardiographic signals induced to the elec- 
trodes are amplified and modulated by a circuit unit 407 
attached to the base sheet 401 and are transmitted to 
the receiver through an antenna 408 attached along the 
longwise portion 401a. 

[0011] According to the proposition, the electrodes 
402 to 406, the circuit unit 407, and the antenna 408 are 
mounted integrally on the base sheet 401, so that the 
device is easily placed on the subject and action is not 
^ limited. 

^^f^[0012] In the exampl^?in3h'e^fiiated arts^^scribed 
above, the antennas are monopole antennas using the 
electricity length of a quarter the wave length. For ex- 
ample, assuming that the transmission frequency is 300 
MHz, the wave length is 1 m and the antenna length 
55 becomes 25 cm. To place the monopole antenna so that 
it is not affected by a human body as much as possible, 
the monopole antenna may be placed in a direction per- 
pendicular to the surface of a hunnan body and distant 
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from the human body. However, the antenna length is 
long (in this case, 25 cm), thus when the transmitter is 
placed on a human body, it disturbs the motion of the 
human body. If the transmitter is placed along the sur- 
face of the human body so as to facilitate the motion, 
radio waves radiated from the antenna are affected by 
the human body as described above, thus the gain is 
easily degraded. Also, although employing small and 
compact transmitter and electrode, there is still a prob- 
lem that long using for standard limb lead (11) between 
electrodes disturb patient. 

SUMMARY OF THE INVENTION 

[001 3] It is therefore an object of the invention to pro- 
vide a small-sized biological signal transmission appa- 
ratus that can emit a biological signal detected on an 
electrode placed on the surface of a living body to a re- 
ceiver with stable and good sensitivity and can be easily 
placed on the living body. 

[0014] According to an aspect of the present inven- 
tion, there is provided a biological signal transmission 
apparatus comprising an electrode for detecting a bio- 
logical signal, a support for supporting the electrode, the 
support being placed on a living body surface, a trans- 
mitter having electric circuitry for processing the biolog- 
ical signal detected on the electrode, and at least one 
loop antenna for emitting the biological signal processed 
by the electric circuitry to a receiver, the loop antenna 
being disposed so that an opening face is placed in a 
direction almost perpendicular to the living body sur- 
face. 

[0015] According to another aspect of the present in- 
vention, there is provided a biological signal transmis- 
sion apparatus comprising an electrode for detecting a 
biological signal, a support for supporting the electrode, 
the support being placed on a living body surface, a 
transmitter having electric circuitry for processing the bi- 
ological signal detected on the electrode, and two loop 
antennas for emitting the biological signal processed by 
the electric circuitry to a receiver, the loop antennas be- 
ing disposed so that opening faces are placed in a di- 
rection almost perpendicular to the living body surface 
and are almost at right angles to each other. 
[0016] According to another aspect of the present in- 
vention, in the biological signal transmission apparatus, 
at least one of the loop antennas is contained in the 
transmitter. 

[0017] According to another aspect of the present in- 
vention, in the biological signal transmission apparatus, 
at least one of the loop antennas is divided into two 
parts, one loop antenna division part is placed in the 
support and the other is placed in the transmitter, and 
the transmitter is placed on the support, thereby putting 
the loop antenna division parts into one piece. 
[0018] According to another aspect of the present in- 
vention, In the biological signal transmission apparatus, 
the loop antenna is Integral with the support and is con- 



nected at both ends to output of the electric circuitry 
through connection members and the transmitter is 
placed on the support. 

[0019] According to another aspect of the present in- 
5 vention, there is provided a biological signal transmis- 
sion apparatus comprising an electrode for detecting a 
biological signal, a support for supporting the electrode, 
the support being placed on a living body surface, a 
transmitter having electric circuitry for processing the bi- 
10 ological signal detected on the electrode, at least one 
loop antenna for emitting the biological signal processed 
by the electric circuitry to a receiver, the loop antenna 
being disposed so that an opening face is placed in a 
direction almost perpendicular to the living body sur- 
fs face, and a microstrip antenna having a radiation plate 
and a base plate opposed in parallel with the living body 
surface, the base plate being placed nearer to the living 
body surface. 

[0020] According to another aspect of the present in- 
20 vention, there is provided a biological signal transmis- 
sion apparatus comprising an electrode tor detecting a 
biological signal, a support for supporting the electrode, 
the support being placed on a living body surface, a 
transmitter having electric circuitry for processing the bi- 
25 ological signal detected on the electrode, two toop an- 
tennas for emitting the biological signal processed by 
the electric circuitry to a receiver, the loop antennas be- 
ing disposed so that opening faces are placed in a di- 
rection almost perpendicular to the living body surface 
30 and are almost at right angles to each other, and a micro- 
strip antenna having a radiation plate and a base plate 
opposed -in parallel with the living body surface, the 
base plate being placed nearer to the living body sur- 
face. 

35 [0021] In the biological signal transmission apparatus 
of the present invention, at least one of the loop anten- 
nas and the microstrip antenna is contained in the trans- 
mitter. 

[0022] In the biological signal transmission apparatus 
40 of the present invention, at least one of the loop anten- 
nas and the microstrip antenna is integral with the sup- 
port and the loop antenna or the microstrip antenna is 
connected to output of the electric circuitry through a 
connection member and the transmitter is placed on the 
45 support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] In the accompanying drawings: 

so 

FIG. 1 is a block diagram to show a configuration 
example of a first embodiment of a biological signal 
transmission apparatus of the invention; 
FIG. 2 is a longitudinal sectional view to show the 
55 configuration of a living body placement section in 
FIG. 1; 

FIG. 3 is an exploded perspective view of the living 
body placement section shown in FIG. 2; 



5 



EP 0 925 756 A2 



6 



FIG. 4 is an external perspective view of the living 
body placement section and a transmitter in FIG. 1 ; 
FIG. 5 is a plan view to show the form of a modified 
example of a support in FIG. 3; 

FIG. 6 is a perspective view to show the structure s 

of a loop antenna in FIG. 3; 

FIG. 7 is a perspective view to show the structure 
of a modified example of the loop antenna in FIG. 3; 
FIG. 8 is an exploded longitudinal sectional view to 
show the attachment structure of an electrode In io 
FIG. 2 and FIG. 3; 

FIG. 9 is a block diagram to show a configuration 
example of a second embodiment of the Invention; 
FIG. 10 is an exploded perspective view to show a 
configuration example of a living body placement is 
section and a transmitter in FIG. 9; 
FIG. 11 is an external perspective view of the living 
body placement section and the transmitter in FIG. 
9; 

FIG. 12 is a block diagram of a living body place- 20 
ment section to show a configuration wherein elec- 
trodes in FIG. 9 are replaced with a transducer; 
FIG. 13 is a longitudinal sectional view to show a 
configuration example of a third embodiment of the 
invention; 2S 
FIG. 1 4 is a block diagram to showthe configuration 
of a fourth embodiment of a biological signal trans- 
mission apparatus of the invention; 
FIG. 15 is an exploded perspective view to show a 
configuration example of a living body placement 30 
section in FIG. 14; 

FIG. 16 is an external perspective view of the living 
body placement section shown in FIG. 15 and a 
transmitter placed thereon; 

FIG. 1 7 is a plan view to show the form of a modified 3S 
example of a support in FIG. 15; 
FIG. 18 is an exploded longitudinal sectional view 
to showthe attachment structure of an electrode in 

FIG. 17; 

FIG. 1 9 is an external perspective view to show an- 40 
other configuration example of the living body 
placement section in FIG. 14; 
FIG. 20 is an external perspective view of the living 
body placement section shown in FIG. 19 and a 
transmitter placed thereon; 4S 
FIG. 21 is a block diagram to show a configuration 
example of a fifth embodiment of the invention; 
FIG. 22 is an exploded perspective view to show a 
configuration example of a living body placement 
section in FIG. 21; so 
FIG. 23 is an external perspective view of the living 
body placement section shown in FIG. 22 and a 
transmitter placed thereon; 

FIG. 24 is a schematic representation to show 
placement of antennas when the transmitter in FIG. ss 
23 is placed on the living body placement section; 
FIG. 25 is a block diagram to show a configuration 
example of a sixth embodiment of the invention; 



FIG. 26 is an exploded perspective view to show a 
configuration example of a living body placement 
section in FIG. 25; 

FIG. 27 is an external perspective view of the living 
body placement section shown In FIG. 26 and a 
transmitter placed thereon; 

FIG. 28 is a block diagram to show a configuration 
example of a seventh embodiment of the invention; 
FIG. 29 is an exploded perspective view to show a 
configuration example of a living body placement 
section and a transmitter in FIG. 28; 
FIG. 30 is an illustration to show an example of plac- 
ing the biological signal transmission apparatus of 
the invention on a living body; 
FIG. 31 (a) is a plan view of an illustration to com- 
pare a loop antenna and a monopole antenna 
placed on a human body in directivity and FIG 31 
(b) is side view of the arrangement of the loop an- 
tenna and the monopole antenna attached with the 
human body along with Fig. 31 (a); 
FIG. 32 (a) is a plan view of an illustration to show 
the directivity of one loop antenna placed on a hu- 
man body, and FIG 32 (b) is side view of the ar- 
rangement of one loop antenna attached with the 
human body along with FIG. 32 (a); 
FIG. 33 (a) is a plan view of an illustration to show 
the directivity of two loop antennas placed on a hu- 
man body, and FIG 33 (b) is side view of the ar- 
rangement of two loop antennas attached with the 
human body along with FIG. 33 (a); 
FIG. 34 is a front view to show the configuration of 
a first example of a biological signal transmission 
apparatus in a related art; 

FIG. 35 is a plan view to show the configuration of 
a second example of a biological signal transmis- 
sion apparatus in a related art; 
FIG. 36 is a front view to show the configuration of 
a third example of a biological signal transmission 
apparatus in a related art; 

FIG. 37 is a plan view to show the configuration of 
a fourth example of a biological signal transmission 
apparatus in a related art; 

FIG. 38 Is a front view of the water-containing gels 
positioned through midclavicular line and parallel to 
a clavicle; and 

FIG. 39 Is a front view of the water-containing gels 
attached on a chest defiend between a xiphoid 
process and a navel through and perpendicular to 
a midsternal line. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Referring now to the accompanying drawings, 
there are shown preferred embodiments of a biological 
signal transmission apparatus of the invention. FIG. 1 is 

a block diagram to show a configuration example of a 
first embodiment of the invention. FIG. 2 is a longitudinal 
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sectional view to show the configuration of a living body 
placement section in FIG. 1 . FIG. 3 is an exploded per- 
spective view of the living body placement section 
shown in FIG. 2. FIG. 4 is an external perspective view 
of the living body placement section and a transmitter 
in FIG. 1. 

[0025] In FIG. 1, a living body placement section 1 
comprises a loop antenna 3 and an electrode 4 integrally 
mounted on a flat support 2 formed of an insulating ma- 
terial. A transmitter 5 comprises electric circuitry 10 
made up of an amplification section 6, a modulation sec- 
tion 7, a power supply section 8, and a transmission sec- 
tion 9. The electrode 4 and the amplification section 6 
and the loop antenna 3 and the transmission section 9 
are electrically connected through connectors 11, 12, 
and 13. Numeral 14 is an electrode placed on another 
part of a living body. The electrode 14 is connected to 
the amplification section 6 by a connector 15. 
[0026] Power is supplied from the power supply sec- 
tion 8 to the amplification section 6, the modulation sec- 
tion 7, and the transmission section 9. When the support 
2 is placed on the living body surface of a subject, a 
biological signal detected on the electrode 4 is amplified 
by the amplification section 6 and is modulated by the 
modulation section 7, then is sent from the transmission 
section 9 to the loop antenna 3. The biological signal is 
transmitted by radio from the loop antenna 3 to a receiv- 
er (not shown). 

[0027] In FIG. 2 and FIG. 3. the support 2 is formed 
of an insulating material like a square plate. The loop 
antenna 3 formed of a conductive material like a belt is 
placed along one side of the lower face of the support 
2 and the loop antenna 3 is folded at both ends back to 
the upper face of the support 2 so as to sandwich the 
support 2. Convex hooks 1 6 and 1 7 forming a connector 
are fixed at both ends of the loop antenna 3. 
[0028] The electrode 4 passes through the support 2 
from the lower face thereof, projects upward, and is fix- 
edly secured in the portion of the support 2 where the 
loop antenna 3 is not placed. Conductive water-contain- 
ing gel 18 is applied to the lower end face of the elec- 
trode 4. A hook 1 9 is attached to one end of the electrode 
4 passing through the support 2 from the lower face 
thereof and projecting upward. An insulating sheet 20 
covering the loop antenna 3 is bonded to the full lower 
face of the support 2 and the electrode 4 is exposed to 
the lower face through a hole 20a made in the Insulating 
sheet 20. An adhesive 21 Is applied to the lower face of 
the insulating sheet 20. The upper face of the support 2 
is also covered with an insulating sheet 22 and the 
hooks 16, 17, and 19 pass through the insulating sheet 
22 and project upward. 

[0029] The transmitter 5 is placed on and fixed to the 
described living body placement section 1, as shown in 
FIG. 4. At this time, the hooks 16, 17, and 19 are con- 
nected to the corresponding connectors (not shown) of 
the transmission section 9 and the amplification section 
6 in the transmitter 5. As shown in FIG. 30, when the 
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living body placement section 1 is bonded to the surface 
of the living body of a subject via the adhesive 21, a 
biological signal detected on the electrode 4 is sent 
through the hook 19 to the transmitter 5 and is proc- 
s essed by the electric circuitry 10 in the transmitter 5, 
then is sent through the hooks 16 and 17 to the loop 
antenna 3 from which the biological signal is transmitted 
to the receiver (not shown) by radio. 

10 First embodiment 

[0030] Next, specific structures and materials of the 
parts of the first embodiment shown in FIG. 1 to FIG. 4 
will be discussed in detail. The support 2 is several ten 

IS jim to several mm thick, for example, and has reasona- 
ble rigidity for holding the living body placement section 
1. In the above-described example, the support 2 is 
shaped like a square plate, but may be of any shape like 
a center-constncted plate, for example, as shown in 

20 FIG. 5. For example, the support 2 is formed of a mate- 
rial of paper or a macromolecular dielectric substance, 
such as vinyl chloride, polyurethane, polystyrene, poly- 
carbonate, polypropylene, fluororesin, silicone resin, 
cellulose acetate, polyester, rayon, nylon, vinylon, 

25 epoxy resin, or ceramics. 

[0031] The loop antenna 3 is several fj.m to several 
mm thick, for example, has a surrounding length of 
about a severaPth to a several tenth the wave length, 
and is formed of an elongated conductive film. The pla- 

30 nar shape is not limited; for example, the loop antenna 
3 may be narrow as shown in FIG. 6 or may be wide as 
shown in FIG. 7. For example, metal, carbon, a macro- 
molecular conductive substance, or resin to which con- 
ductive plating is given is used as the material of the 

35 loop antenna 3. 

[0032] The electrode 4 is fixed to the support 2 
through the connector 11 , is a conductive substance it- 
self, and acts as an electrode for deriving a living body 
electricity phenomenon. It may be of any structure if it 

40 can be stably fixed to the hook 1 9 as the connector, for 
example, as shown in FIG. 6. The material of the elec- 
trode 4 may be a conductive substance similar to con- 
nector described later, and is not limited. For example, 
a macromolecular conductive substance, such as con- 

45 ductive rubber or water-containing resin, metal, such as 
copper, stainless steel, or aluminum, carbon, such as 
carbon fibers or graphite, resin to which conductive plat- 
ing is given (for example, a conductive metal film of gold, 
silver, copper, nickel, aluminum, palladium, platinum, 

50 etc., is formed on the surface of a macromolecular in- 
sulating substance or a macromolecular conductive 
substance by means of sputtering evaporation, electro- 
lytic plating, electroless plating, etc.,) is used as the ma- 
terial of the electrode 4. 

55 [0033] The water-containing gel 18 makes electric 
conduction between the electrode 4 and a living body 
surface and preferably it has adhesion to a living body. 
For example, gelatin, polyacrylic acid, its salt, karaya 
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gum. any other water-soluble or water-dispersable 
aery lie -family polymer, water-soluble or water-dispersa- 
ble polymer of polyacrylamide. polyvinyl alcohol, car- 
boxymethyl cellulose, polyurethane, etc., or the like can 
be named as the base material for forming the gel layer. 
[0034] In the above-described example, the hooks 16, 
1 7, and 1 9 are used as the parts forming the connectors 
11, 12, and 1 3, but the scope of the invention is not lim- 
ited to them. For example, a structure of a general-pur- 
pose electric connector, a contact-type connector, etc., 
may be used. A material similar to that of the electrode 
4 described above can be used. 
[0035] The insulating sheets 20 and 22 are provided 
so that a human body and the loop antenna 3 do not 
come in direct contact with each other. They may be 
made of any material if the material has an insulating 
property; the material is not limited. 
[0036] The adhesive 21 Is provided for strongly fixing 
the living body placement section 1 to a living body; pref- 
erably it is a substance not giving an impetus to the living 
body. For example, a known adhesive material excellent 
in intimate contact with the living body placement sec- 
tion 1, such as double-sided adhesive tape, an acrylic 
family, a rubber family, or a vinyl ether family, can be 
used. 

[0037] According to the embodiment, the loop anten- 
na 3 is placed near the surface of a living body through 
the support 2 and moreover the opening face of the loop 
antenna 3 is alnnost at right angles to the living body 
surface, so that the sensitivity can be improved and the 
gain can be increased because of the known loop an- 
tenna characteristics. 

Second embodiment 

[0038] FIG. 9 to FIG. 11 show a configuration example 
of a second embodiment of the invention. Parts identical 
with or similar to those previously described with refer- 
ence to FIG. 1 to FIG. 4 are denoted by the same refer- 
ence numerals in FIG. 9 to FIG, 11 and will not be dis- 
cussed again in detail. 

[0039] In the second embodiment, the number of 
electrodes 4 is two and biological signals detected on 
electrodes 4a and 4b are sent through connectors 11a 
and 11 b to an amplification section 6, as shown in FIG. 

9. Other components and functions are almost similar 
to those of the first embodiment previously described 
with reference to FIG. 1 to FIG. 4. 

[0040] FIG. 10 is an exploded perspective view to 
show a configuration example of a living body place- 
ment section 1 and a transmitter 5 in FIG. 9. FIG. 11 is 
an external perspective view of the living body place- 
ment section 1 and the transmitter 5 in FIG. 9. In FIG. 

10, ends of conductive terminals 18c and 18d disposed 
on the lower face of a support 2 are electrically connect- 
ed to caulking devices 31a and 31b respectively, and 
conductive water-containing gels 18a and 18b are at- 
tached to opposite ends of the conductive terminals 1 8c 
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and ISd. The caulking devices 31a and 31b pass 
through the support 2 and project upward and are fixed 
to the support 2 together with the conductive terminals 
18c and 18d. 

s [0041] A loop antenna 3 is placed on the lower face 

of the support 2 between the conductive terminals 18c 
and 18d and is folded at both ends back to the upper 
face of the support 2 so as to sandwich the support 2. 
An insulating sheet 20 for covering the loop antenna 3, 

10 the caulking devices 31a and 31b, and the conductive 
terminals 18c and 18d is bonded to the space between 
the conductive water-containing gels 18a and 18b on 
the lower face of the support 2, and an adhesive 21 is 
applied to the lower face of the insulating sheet 20. 

15 [0042] The upper face of the support 2 is also covered 
with an insulating sheet 22. Convex hooks 1 9a and 1 9b 
placed at the upper ends of the caulking devices 31a 
and 31 b and convex hooks 1 6 and 1 7 fixed to both ends 
of the loop antenna 3 pass through the insulating sheet 

20 22 and project upward. A transmitter 5 is made up of an 
upper lid 40a and a lower lid 40b making up a cabinet 
40, a board 41 housed therein, and electric circuitry 10 
mounted on the board 41 . The board 41 is formed on a 
surface with four lands 42 connected to the electric cir- 

2S cuitry 1 0. It is fixed to the lower lid 40b through the lands 
42 by a caulking device 43 and a concave hook 44. Also 
in the embodiment, as shown in FIG. 11 , the transmitter 
5 is placed on and fixed to a living body placement sec- 
tion 1 through the convex hooks 16, 17, 19a, and 19b 

30 and the concave hook 44, and the functions and advan- 
tages similar to those of the first embodiment previously 
described with reference to FIG. 1 to FIG. 4 can be pro- 
vided. The structures and materials of the members 
shown in FIG. 9 to FIG. 11 are almost similar to those 

35 of the first embodiment previously described with refer- 
ence to FIG. 1 to FIG. 4. 

[0043] In the second embodiment, the number of the 
electrodes 4 is two, but three or more electrodes 4 may 
be used. In this case, the electrodes 4 are placed at ap- 

40 propriate positions of the living body placement section 
1 and are related to the connectors 11 and the amplifi- 
cation section 6 and a modulation section 7 in the elec- 
tric circuitry 10, whereby a large number of bblogical 
signals can be derived and amplified, then transmitted 

^ from a transmission section 9, needless to say. 

[0044] As shown in FIG. 12, the electrodes 4 are re- 
placed with a transducer 23. whereby the temperature, 
blood pressure, etc., of a living body can also be detect- 
ed. 

50 

Third embodiment 

[0045] FIG. 1 3 is a longitudinal sectional view to show 
a configuration example of a third embodiment of the 
^5 invention. Parts identical with or similar to those previ- 
ously described with reference to FIG. 1 to FIG. 4 are 
denoted by the same reference numerals in FIG. 1 3 and 
will not be discussed again in detail. The third embodi- 
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ment is characterized by the fact that a part of a ioop 
antenna 3 is fornned according to a thin film technology 
of silk print, etc. As shown in FIG. 13. through holes are 
made near two opposed sides of a support 2 and are 
filled with conductive nnaterial 24. The support 2 is 
formed on both faces with conductive thin films 25 ac- 
cording to the thin film technology and the upper con- 
ductive thin film 25 is divided into two portions. The up- 
per and lower conductive thin films 25 are electrically 
connected at both ends to the conductive material 24 
with which the through holes are filled, forming the loop 
antenna 3. 

[0046] The upper and lower faces of the support 2 are 
covered with insulating sheets 20 and 22 for covering 
the conductive thin films 25 and the upper insulating 
sheet 22 is cut at the center for exposing the conductive 
thin film 25 at both ends thereof. When a transmitter 5 
is placed on a living body placement section 1 , a pair of 
conductive contact connectors 26 projecting from the 
lower face of the transmitter 5 abuts the exposure parts 
of the conductive thin film 25 at both ends thereof for 
introducing a signal transmitted from the transmitter 5 
into the loop antenna formed of the conductive thin films 
25. A hook 1 9 fixed to an electrode 4 is coupled to a 
connector 11 like a concave hook to the transmitter 5, 
as in the first embodiment. 

[0047] According to the third embodiment, the manu- 
facturing process is simplified and costs can be reduced 
as compared with the case where the loop antenna 3 is 
formed as a thin-film separate body and is folded at both 
ends back to the support 2 and fixed as in the configu- 
ration examples of the first and second embodiments. 
[0048] In FIG. 13, one electrode 4 is shown, but the 
third embodiment can also be applied to the case where 
the number of the electrodes 4 is two or more as in the 
configuration example of the second embodiment 
shown in FIG. 9 and FIG. 10 and the case where the 
electrode 4 is the transducer 23 as shown in FIG. 12; 
similar advantages can be provided. 

Fourth embodiment 

[0049] FIG. 1 4 is a block diagram to show a configu- 
ration example of a fourth embodiment of the invention. 
FIG. 1 5 is an exploded perspective view to show a spe- 
cific configuration example of a living body placement 
section In FIG. 14. FIG. 16 is an external perspective 
view of the living body placement section shown In FIG. 
14 and a transmitter placed thereon. FIG. 17 is a plan 
view to show the form of a modified example of a support 
in FIG. 15. FIG. 18 is a drawing to show the attachment 
structure of an electrode In FIG. 17. 
[0050] In FIG. 14, a living body placement section 101 
comprises division parts 1 03a and 1 04a of two antennas 
103 and 104 each divided into two parts and two elec- 
trodes 105a and 105b mounted on a flat support 102 
formed of an insulating material. In the embodiment, the 
antenna 103 is a loop antenna and the antenna 104 is 



a microstrip antenna (MSA). A transmitter 106 compris- 
es electric circuitry 111 made up of an amplification sec- 
tion 1 07. a modulation section 1 08. a power supply sec- 
tion 1 09, and a transmission section 1 1 0 and other divi- 

s sion parts 1 03b and 1 04b of the two antennas 1 03 and 
104. The electrodes 105a and 105b and the amplifica- 
tion section 1 07 are connected through connectors 11 2a 
and 1 1 2b, one end of the part 1 03a of the antenna 1 03 
and one end of the part 103b of the antenna 103 are 

10 connected through a connector 1 1 3a, and the opposite 
end of the part 103a of the antenna 103 and the trans- 
mission section 1 1 0 are connected through a connector 
11 3b. The opposite end of the part 103b of the antenna 
103 is connected to the transmission section 110. The 

15 part 1 04a of the antenna 1 04 (MSA) is a base plate and 
the part 104b of the antenna 104 Is a radiation plate. 
The base plate 104a is connected to the transmission 
section 110 through a connector 114 and the radiation 
plate 1 04b Is directly connected to the transmission sec- 

20 tlon 110. 

[0051] Power is supplied from the power supply sec- 
tion 1 09 to the amplification section 1 07, the modulation 
section 108, and the transmission section 110. When 
the support 102 is placed on the living body surface of 

25 a subject, biological signals detected on the electrodes 
1 05a and 1 05b are amplified by the amplification section 
107 and are modulated by the modulation section 108, 
then are sent from the transmission section 110 to the 
antennas 103 and 104. The biological signals are trans- 

30 mitted by radio from the antennas 103 and 1 04 to a re- 
ceiver (not shown). 

[0052] In FIG. 15 and FIG. 16, the support 102 is 
formed of a dielectric material like a rectangular plate. 
The loop antenna 103 formed of a conductive material 

35 like a belt Is divided into two parts. One loop antenna 
part 1 03a is placed on one side of the lower face of the 
support 102 and caulking devices 115a and 115b are 
inserted into both ends of the loop antenna part 103a. 
The caulking devices 115a and 115b pass through the 

40 loop antenna part 1 03a from the lower face thereof and 
further pass through the support 102 and project up- 
ward. Hooks 116a and 116b are fixed to the projection 
ends of the caulking devices 115a and 115b by caulking. 
The loop antenna part 103b is connected at one end to 

45 the hook 1 1 6a. The hook 1 1 6b is connected to the trans- 
mission section 110. 

[0053] As descnbed above, the MSA 104 consists of 
the base plate 104a and the radiation plate 104b, which 
are opposed to each other in parallel. As shown in FIG. 

50 15, the base plate 104a is fixed almost at the center of 
the lower face of the support 102 and is formed with a 
projection 141a at the center of one side opposite to the 
loop antenna part 1 03a. A caulking device 11 7 is insert- 
ed into the projection 141a; it passes through the base 

55 plate 1 1 4a from the lower face thereof and further pass- 
es through the support 1 02 and projects upward. A hook 
118 for the base plate is fixed to the projection ends of 
the caulking device 117 by caulking. 
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[0054] A pair of plate-like conductive terminals 121c 
and 121d is placed at both sides of the projection 141a 
of the base plate 1 04a in parallel with one side of the 
base plate 1 04a and are fixed to the lower face of the 
support 1 02. Caulking devices 1 1 9a and 1 1 9b are insert- 
ed into opposed ends of the conductive terminals 121c 
and 121d; they pass through the conductive terminals 
1 21 c and 1 21 d from the lower faces thereof and further 
pass through the support 102 and project upward. 
Hooks 120a and 120b for deriving electrocardiographic 
signals are fixed to the projection ends o1 the caulking 
devices 11 9a and 119b by caulking. Conductive water- 
containing gels 121a and 121b are attached to outer 
ends of the conductive terminals 121c and 121d. Fur- 
ther, the lower faces of the loop antenna part 103a, the 
base plate 1 04a, and the conductive terminals 1 21 c and 
121d are covered with an insulating sheet 122 and an 
adhesive 1 23 is applied to the lower face of the insulat- 
ing sheet 122. 

[0055] The transmitter 106 is shaped like a square 
can as shown in FIG. 16 and contains a board (not 
shown) on which the electric circuitry 111 is mounted. 
On the board, the loop antenna part 103b and the radi- 
ation plate 1 04b are placed at the positions correspond- 
ing to the loop antenna part 103a and the base plate 
1 04a In the living body placement section 101 , as shown 
in FIG. 15. When the transmitter 106 is attached to the 
living body placement section 101, the hook 116a pro- 
jecting from the top of the support 102 of the living body 
placement section 101 is fitted to one end of the loop 
antenna part 1 03b and the convex hooks 11 8. 1 20a, and 
120b are connected to concave hooks 124, 125a, and 
125b formed at predetermined positions of the board. 
The concave hooks 1 24, 1 25a, and 1 25b are connected 
to the electric circuitry 111. Further, the opposite end of 
the loop antenna part 1 03b is also connected to the elec- 
tric circuitry 111. 

[0056] Next, specific structures and materials of the 
parts of the fourth embodiment shown in FIG. 14 to FIG. 
18 will be discussed In detail. The support 102 is formed 
of a dielectric substance which Is several ten [im to sev- 
eral mm thick, for example, and has reasonable rigidity 
and dielectric constant for holding the living body place- 
ment section 101 . In the above-described example, the 
support 102 is shaped like a rectangular plate, but may 
be of any shape like a hand drum, for example, as shown 
in FIG. 17. The support 102 may be formed of a material 
of a dielectric substance having a dielectric constant fit- 
ted to the use frequency and the shapes of the base 
plate 104a and the radiation plate 104b, for example, 
paper or a macromolecular dielectric substance, such 
as vinyl chloride^ polyurethane, polystyrene, polycar- 
bonate, polypropylene, fluoroplastics. silicone resin, 
cellulose acetate, polyester, rayon, nylon, vinylon, 
epoxy resin, or ceramics. 

[0057] The loop antenna 1 03 is several ^im to several 
mm thick, for example, has a surrounding length of 
about a several'th to a several tenth the wave length, 



and is formed of an elongated conductive film. The pla- 
nar shape is not limited. For example, metal, carbon, a 
macromolecular conductive substance, or resin to 
which conductive plating is given is used as the material 

s of the loop antenna 1 03. 

[0058] The base plate 1 04a basically has a large area 
in the allowable range and a structure for making a sig- 
nal emitted from the radiation plate 104b hard to be af- 
fected by a human body, etc. For example, metal, car- 

10 bon, a macromolecular conductive substance, or resin 
to which conductive plating is given is used as the ma- 
terial of the base plate 104a. The shape of the base plate 
104a also changes corresponding to the antenna char- 
acteristics. 

75 [0059] The radiation plate 104b is formed of a con- 
ductive film which is several |am to several mm thick, for 
example, and has an area determined by frequency, tn 
the above-described example, the radiation plate 104b 
is shaped like a rectangular plate, but may be of any 

20 shape. For example, metal, carbon, a macromolecular 
conductive substance, or resin to which conductive plat- 
ing is given is used as the material of the radiation plate 
104b like the base plate 104a. 

[0060] The caulking devices 115a, 115b, 117, 119a, 
25 and 119b and the conductive terminals 121c and 121d 
are fixed to the support 102 through the hooks 116a, 
116b, 118, 120a, and 120b. are conductive substances 
themselves, and act as electrodes for deriving a living 
body electricity phenomenon and electrodes for trans- 
30 ferring signals to the base plate 104a. They may be of 
any structure if it can be stably fixed to the hook 1 20 as 
the connector, for example, as shown In FIG. 18, The 
material may be a conductive substance and is not lim- 
ited. For example, a macromolecular conductive sub- 
35 stance, such as conductive rubber or water-containing 
resin, metal, such as copper, stainless steel, or alumi- 
num, carbon, such as carbon fibers or graphite, resin to 
which conductive plating is given (for example, a con- 
ductive metal film of gold, silver, copper, nickel, alumi- 
40 num, palladium, platinum, etc., is formed on the surface 
of a macromolecular insulating substance or a macro- 
molecular conductive substance by means of sputtering 
evaporation, electrolytic plating, electroless plating, 
etc.,) is used as the material. 
45 [0061] In the above-described example, the hooks 
116a, 116b, 118, 120a, and 120b are used as the parts 
forming the connectors 11 2c, 11 2d, 11 3c, 113d, and 11 4. 
but the scope of the invention is not limited to them. For 
example, a structure of a general-purpose electric con- 
so nector, a contact-type connector, etc., may be used. A 
material similar to that of the caulking devices 115a, 
1 1 5b, 117. 1 1 9a and 1 1 9b described above can be used. 
[0062] The water-containing gel 121a, 121b makes 
electric conduction between the conductive terminal 
5S 121c, 121d and a living body surface and preferably it 
has adhesion to a living body. For example, gelatin, 
polyacrylic acid, its salt, karaya gum, any other water- 
soluble or water-dispersable acrylic-family polymer. 



8 



15 

polyacrylic-family polymer, water-soluble or water-dls- 
persable polymer of polyacrylamlde, polyvinyl alcohol, 
carboxymethyl cellulose, polyurethane. etc., or the like 
can be named as the base material for forming the gel 
layer. The length and breadth of the water-containing 
gels 1 21 a, 1 2 1 b to be attached to living body is the range 
from approximately 2 to 6 cm. But the shape of the wa- 
ter-contanining gels are not limited as described shape, 
and any figure like a square, rectangle, circle, oval are 
applicapable. 

[0063] Preferably, the distance between nearest of 
water-containing gels 121a, 121b is the range from ap- 
proximately 1 .0 to 7.5 cm to detect heat rate information 
and etc. And more specifically, it's preferable to make 
the distance approximately 2.0 to 7.5 cm to detect a 
small amplitude P wave of ECG sufficiently. 
[0064] The insulating sheet 122 is provided so that a 
human body and the radiation plate 104b and the base 
plate 1 04a making up the antenna do not come In direct 
contact with each other. It may be made of any material 
if the material has an insulating property; the material is 
not limited. 

[0065] The adhesive 1 23 is provided for strongly fixing 
the living body placement section 101 to a living body; 
preferably it is a substance not giving an impetus to the 
living body. For example, a known adhesive material ex- 
cellent in intimate contact with the living body placement 
section 101, such as double-sided adhesive tape, an 
acrylic family, a rubber family, a silicone family, or a vinyl 
ether family, can be used. 

[0066] The transmitter 106 is attached to the living 
body placement section 101 as described above, 
whereby the loop antenna parts 1 03a and 1 03b are con- 
nected, forming one loop antenna 103, and the base 
plate 104a and the radiation plate 104b are connected 
through the circuit on the board, forming the MSA 104. 
When the described biological signal transmission ap- 
paratus is placed on a living body surface as shown in 
FIG. 30, the living body placement section 101 is bond- 
ed to the surface of the living body of a subject via the 
adhesive 123 and the water-containing gels 121a and 
1 21 b are attached at a first intercostal space left sternal 
border on a left chest along a position 800b in such a 
manner that the water-containing gels 121a and 121b 
are positioned through midclavicular line and are paral- 
lel to a clavicle, as shown in Fig. 38. Thus, there is ob- 
tained biological signals 801 b which Is highly corrective 
to ECG detected in the method of standard limb lead 
(II). In addition, the stable ECG having high correction 
with ECG of standard limb lead (II) can be obtained as 
ling as the living body placement section is attached to 
area within the range of 2.5 cm apart from the 800b, or 
second intercostal space and it's not always needed to 
position water-containing gels 121a and 121b through 
midclavicular line. 

[0067] Upon the attachment, as shown in Fig. 39, the 
water-containing gels 1 21 a and 1 21 b are attached on a 
chest defiend between a xiphoid process and a navel 
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through and perpendicular to a midsternal line so as to 
obtain biological signals 801a which is highly correlative 
to ECG detected in the method of standard limb lead (II). 
[0068] In addition, the stable ECG having high corre- 
s lation to ECG of standard limb lead (II) can be obtained 
as long as the living body placement section is attached 
to area within the range of 2.5 cm apart from the 800a, 
and it's not always needed to position water-containing 
gels 121a and 121b through midstemal line. 
10 [0069] Biological signals detected on the conductive 
terminals 121c and 121d are sent through the hooks 
1 20a and 1 20b to the transmitter 1 06 and are processed 
by the electric circuitry 111 in the transmitter 106, then 
are sent through the hooks 116a and 116b to the loop 
antenna 1 03 and through the hook 1 1 8 to the MSA 1 04 
from which the biological signals are transmitted to the 
receiver (not shown) by radio. 

[0070] According to the embodiment, the biological 
signals detected on the electrodes 105a and 105b are 
transmitted by radio through the loop antenna 103 and 
the MSA 104 different in characteristics, so that the di- 
rectivity can be improved, the radiation capability can 
be enhanced, and the radio wave band width can be 
enlarged. The loop antenna 103 and the MSA 104 are 
each divided into two parts, one of which is placed in the 
support 102 and the other in the transmitter 106. Thus, 
the transmitter 106 can be miniaturized as compared 
with the case where the whole antennas are installed in 
the transmitter 106. 

[0071 ] In the embodiment, the two electrodes 1 05 are 
used, but similar functions and advantages can be pro- 
vided if one electrode 105 is used. Two loop antennas 
103 each divided into two parts (103a and 103b and 
103c and 103d) may be provided in place of the MSA 
104, as shown in FIG. 19 and FIG. 20. In this case, the 
103a and 103c are placed in a direction orthogonal to 
each other and the 103b and 103d are placed in a di- 
rection orthogonal to each other whereby the directivity 
can be improved. In this case, the hooks 116a and 116c 
are connected to ends of the loop antenna parts 103b 
and 103c and the hooks 116d and 116b are connected 
to the transmission section 110 of the electric circuitry 
111. Opposite ends of the loop antenna parts 103b and 
103c are connected to the transmission section 110 of 
the electric circuitry 111. 

Fifth embodiment 

[0072] FIG. 21 to FIG. 24 show a configuration exam- 
ple of a fifth embodiment of the invention and FIG. 25 to 
FIG. 27 show a configuration example of a sixth embod- 
iment of the invention. Parts identical with or similar to 
those previously described with reference to FIG. 14 to 
FIG. 16 are denoted by the same reference numerals in 
FIG. 21 to FIG. 27 and will not be discussed again in 
detail. 

[0073] FIG. 21 is a block diagram to show a configu- 
ration example of the fifth embodiment of the invention. 
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FIG. 22 is an exploded perspective view to show a spe- 
cific configuration example of a living body placement 
section in FIG. 21. FIG. 23 is an extemal perspective 
view of the living body placement section shown in FIG. 
22 and a transmitter placed thereon. FIG. 24 is a sche- 
matic representation to show placement of antennas 
when the transmitter in FIG. 23 is placed on the living 
body placement section. 

[0074] The embodiment is characterized by the fact 
that one antenna 603 of two antennas 603 and 604 is 
divided into two parts, that one antenna division part 
603a, an electrode 105, and the whole antenna 604 are 
placed on a support 1 02, and that the other antenna di- 
vision part 603b is placed in a transmitter 106, as shown 
in FIG. 21 . In the embodiment, one electrode 105 is used 
and a connector 151 placed on another part of a living 
body is connected to an amplification section 107 
through a connector 1 52, but two or more electrodes 
1 05 may be used. In the embodiment, the antennas 603 
and 604 are MSAs, one antenna 603 is divided into two 
parts, and only the radiation plate 603b of the divided 
antenna 603 is placed in the transmitter 106. 
[0075] In FIG. 22, a radiation plate 604b like a semi- 
disk is fixed to the upper face of the support 102 formed 
of a dielectric material like a disk and a base plate 153 
like a disk is fixed to the lower face of the support 102 
concentrically. A caulking device 154 is inserted into the 
radiation plate 604b of the MSA 604 from the lower face 
thereof and a hook 155 for the radiation plate is fixed to 
the upper end of the caulking device 1 54 projecting from 
the radiation plate 604b by caulking. 
[0076] A caulking device 1 56 is inserted into the base 
plate 153 from the lower face thereof and passes 
through the support 102 and projects upward. A hook 
11 8 for the ground plate is fixed to the projection end by 
the caulking. The electrode 1 05 is inserted into the cent- 
er of the support 102 from the lower face thereof and 
passes through the support 102 and projects upward. A 
hook 120 for deriving an electrocardiographic signal is 
fixed to the projection end by the caulking. Further, con- 
ductive water-containing gel 1 21 is attached to the lower 
ond of the electrode 105. 

[0077] The upper face of the support 102 is covered 
with a disk-like insulating sheet 157 and the hooks 118. 
120, and 155 pass through the insulating sheet 157 and 
project upward. Likewise, the lower face of the support 
102 is covered with a disk-like insulating sheet 122 and 
the electrode 1 05 and the water-containing gel 1 21 pass 
through openings 153a and 122a made in the centers 
of the base plate 153 and the insulating sheet 122 and 
project downward, 

[0078] On the other hand, the radiation plate 603b is 
placed in the transmitter 106. When the transmitter 1 06 
is placed on the support 1 02 through the hooks 118,1 20, 
and 1 55. the radiation plate 603b is opposed to the base 
plate 153 placed on the support 102, forming one MSA 
603. Since the radiation plate 604b and the base plate 
153 are opposed to each other on the support 102, an- 



other MSA 604 is fomned on the support 102. The two 
MSAs 603 and 604 share the base plate 1 53. as shown 
in FIG. 24. 

[0079] According to the embodiment, functions and 
5 advantages almost similar to those of the fourth embod- 
iment can be provided. In the fifth embodiment, one 
electrode 105 is installed in a living body placement sec- 
tion 1 01 . but if two electrodes 1 05 are installed, they are 
placed in a similar manner to that shown in FIG. 15. 

10 

Sixth embodiment 

[0080] FIG. 25 is a block diagram to show a configu- 
ration example of the sixth embodiment of the invention. 

IS FIG. 26 is an exploded perspective view to show a spe- 
cific configuration example of a living body placement 
section in FIG. 26. FIG. 27 is an external perspective 
view of the living body placement section shown in FIG. 
26 and a transmitter placed thereon. 

20 [0081] The embodiment basically has almost the 
same configuration as the fifth embodiment except that 
an antenna 103 not divided Into two parts is placed in a 
transmitter 106 as shown In FIG. 25 or that two elec- 
trodes 105 are provided. The number of the electrodes 

2S 1 05 may be one. 

[0082] In FIG. 26 and FIG. 27, the antenna 103 is a 
loop antenna, an antenna 104 is an MSA, the loop an- 
tenna 103 is placed in the transmitter 106, and a base 
plate 104a and a radiation plate 104b of the MSA 104 

30 are placed in a living body placement section 101 and 
the transmitter 106 respectively. The attachment struc- 
ture of the base plate 104a, the electrodes 105, and an 
insulating plate 122 is similar to that in the fourth em- 
bodiment shown in FIG, 15. When the transmitter 106 

35 is placed on the living body placement section 101, the 
base plate 104a and the radiation plate 104b are op- 
posed to each other, forming the MSA 104. 
[0083] According to the embodiment, functions and 
advantages almost similar to those of the fourth embod- 

40 iment can be provided. In the sixth embodiment, the 
number of the electrodes 1 05 is two, but if one electrode 
105 is used, it is placed in a similar manner to that shown 
in FIG. 22. 

45 Seventh embodiment 

[0084] A seventh embodiment of the invention will be 
discussed. FIG. 28 is a block diagram to show a config- 
uration example of the seventh embodiment of the in- 

50 vention. FIG. 29 is an exploded perspective view. In the 
embodiment, two loop antennas 103A and 1 03B and an 
MSA 104 are attached to a transmitter 106. 
[0085] As shown in FIG. 28, a living body placement 
section 101 comprises a pair of electrodes 105a and 

55 105b integrally mounted on a support 102. The trans- 
mitter 5 contains electric circuitry 111 made up of an am- 
plification section 107. a modulation section 108, a pow- 
er supply section 109, and a transmission section 110. 
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The loop antennas 103A and 103B and the MSA 104 
are electrically connected to the electric circuitry 111. 
The ampllflcalion section 107 and the electrodes 105 
are connected electrically and mechanically through 
connectors 112. 5 
[0086] Power is supplied from the power supply sec- 
tion 109 to the amplification section 107, the modulation 
section 108, and the transmission section 110. When 
the support 102 is placed on the living body surface of 
a subject, biological signals detected on the electrodes io 
1 05a and 1 05b are amplified by the amplification section 
107 and are modulated by the modulation section 10S, 
then are sent from the transmission section 109 to the 
loop antennas 103A and 103B and the MSA 104. The 
biological signals are transmitted by radio from the an- 
tennas 103A. 103B, and 104 to a receiver (not shown). 
[0087] As shown in FIG. 29, a board 731 is housed in 
a cabinet 773 consisting of an upper lid 773a and a lower 
lid 773b. The two loop antennas 1 03A and 1 03B are in- 
stalled so that their loop opening faces are orthogonal 20 
to the board face of the board 731 and are orthogonal 
to each other. The two loop antennas 103A and 103B 
are placed in the proximity of the margins of the board 
731 and are connected to the electric circuitry 111. 
[0088] The board 731 is provided with lands 732a and 2S 
732b for guiding biological signals detected from water- 
containing gels 71 8a and 71 8b and transferred through 
conductive terminals 718c and 71 8d, caulking devices 
731 a and 731 b. and convex hooks 71 9a and 71 9b into 
the electric circuitry 111. The board 731 is fixed to the so 
lower lid 773b in parallel with the bottom face thereof by 
means of caulking devices 733a and 733b inserted into 
holes made in the centers of the lands 732a and 732b 
and holes made in projections of the inside of the lower 
lid 773b from above and concave hooks 734a and 734b 35 
corresponding to the caulking devices 733a and 733b. 
When the apparatus is placed on a living body, the bot- 
tom face of the lower lid 773b becomes almost parallel 
with the living body surface, so that the opening faces 
of the two loop antennas 1 03Aand 1 03B become almost 40 
orthogonal to the living body surface. 
[0089] Further, the MSA 104 consisting of a radiation 
plate 104b and a base plate 104a placed in parallel on 
a dielectric support member 735 is installed on the board 
731 . As described above, the board 731 is fixed to the 45 
lower lid 773b in parallel with the bottom face thereof. 
Thus, when the apparatus is placed on a living body, the 
radiation plate 104b and the base plate 104a become 
almost parallel with the living body surface. At this time, 
the base plate 104a is nearer to the lower lid 773b side so 
than the radiation plate 104b is, and thus is nearer to 
the living body surface than the radiation plate 104b is, 
[0090] A battery storage section Is provided in the rear 
face of the board 731 and a battery 734 is stored in the 
battery storage section. ss 
[0091] The support 102 is formed of an insulating ma- 
terial like a plate and is narrow at the center Projections 
of the caulking devices 731 a and 731 b are inserted into 



the holes made in ends of the conductive terminals 71 8c 
and 71 8d placed on the lower face of the support 102 
and are fixed to the support 102 together with the con- 
ductive terminals 718c and 718d by means of the con- 
vex hooks 719a and 719b. The conductive water-con- 
taining gels 71 8a and 71 8b are attached to the opposite 
ends of the conductive terminals 718c and 716d. Insu- 
lating sheets 720a and 720b are attached to the bottom 
faces of the caulking devices 731a and 731b for electri- 
cally insulating from a living body. 
[0092] The structures and materials of the members 
in the embodiment are almost similar to those, of. the.coc- 
responding members used with the above-described 
embodiments. 

[0093] According to the embodiment, the two loop an- 
tennas 103A and 103B, which are orthogonal to each 
other, are excellent in directivity, and since the opening 
faces of the loop antennas 103A and 103B are orthog- 
onal to the living body surface, the sensitivity improves 
and the gain can be Increased. In addition, all the an- 
tennas 103A, 103B, and 104 are contained in the trans- 
mitter, thus the living body placement section 101 can 
be removed from the transmitter 106 so that only the 
living body placement section 101 can be made dispos- 
able; costs for use can be reduced. 
[0094] FIG. 31 (a) shows radio wave directivity of a 
loop antenna 1001 and a monopole antenna 1002, af- 
fected by a human body. As shown here, when the open- 
ing face of the loop antenna Is placed at right angles to 
the surface of a human body, remarkably excellent di- 
rectivity is provided as compared with the case where 
the monopole antenna is placed in roughly parallel with 
the surface of the human body. FIG 31 (b) is side view 
of the arrangement of the loop antenna and the monop- 
ole antenna attached with the human body along with 
FIG. 31 (a). FIG. 32 (a) is an illustration to show direc- 
tivity provided when the opening face of one loop anten- 
na 1001 is placed at right angles to the surface of a hu- 
man body. FIG 32 (b) is side view of the arrangement of 
one loop antenna attached with the human body along 
with FIG. 32 (a). FIG. 33 (a) is an illustration to show 
directivity provided when the opening faces of two loop 
antennas 1001 are placed at right angles to the surface 
of a human body and are orthogonal to each other FIG 
33 (b) is side view of the arrangement of two loop an- 
tennas attached with the human body along with FIG. 
33 (a). As shown here, if two loop antennas 1001 are 
provided, they make a complement to each other in di- 
rectivity and are less affected by the human body. 
[0095] According to the biological signal transmission 
apparatus of the present invention, when the apparatus 
is placed on a living body, it can be placed so that the 
loop opening face of the loop antenna becomes almost 
at right angles to the living body surface. Thus, the loop 
opening face can hold a constant direction relative to 
the living body surface and the human body, etc., does 
not block the opening face, so that attenuation of radio 
waves because of the effect of the human body can be 
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lessened, the gain can be improved, and stable direc- 
tivity can be provided. 

[0096] According to the biological signal transmission 
apparatus of the present invention, when the apparatus 
Is placed on a living body, the loop opening faces of the 
two loop antennas beconne almost at right angles to the 
living body surface and are placed in a direction almost 
perpendicular to each other. Thus, the loop antennas 
make a complement to each other in directivity and the 
gain can be Improved. 

[0097] According to the biological signal transmission 
apparatus of the present invention, at least one loop an- 
tenna is contained in the transmitter, thus the person on 
whom the apparatus is placed is not restrained as com- 
pared with an antenna placed on the outside such as a 
monopole antenna {VA antenna). The manufacturing 
cost of the support supporting the electrode and placed 
on the living body surface can be reduced and can be 
made disposable. 

[0098] According to the biological signal transmission 
apparatus of the present invention, at least one of the 
loop antennas is divided into two parts, one loop anten- 
na division part is placed in the support and the other is 
placed in the transmitter, and the transmitter is placed 
on the support, thereby putting the loop antenna division 
parts into one piece. Thus, the transmitter can be mini- 
aturized or the loop opening face can be enlarged as 
compared with the case where all loop antennas are in- 
stalled in the transmitter. Since the loop antenna is 
closely fixed in the proximity of a living body with the 
opening face orthogonal to the living body surface, the 
gain is also improved. 

[0099] According to the biological signal transmission 
apparatus of the present invention, the loop antenna for 
emitting a biological signal Is integral with the support 
supporting the electrode, on which the transmitter is 
placed, and when the support is placed on the living 
body surface, the opening face of the loop antenna be- 
comes almost at right angles to the living body surface, 
thus attenuation of radio waves of the loop antenna can 
be lessened and the gain can be Improved. 
[01 00] According to the biological signal transmission 
apparatus of the present invention, the loop antenna dis- 
posed so that the opening face is placed in a direction 
almost perpendicular to the living body surface, and the 
microstrip antenna having a radiation plate and a base 
plate opposed in parallel with the living body surface, 
the base plate being placed nearer to the living body 
surface, are placed, so that attenuation of radio waves 
because of the effect of the human body can be less- 
ened and the two antennas make a complement to each 
other in directivity, thus the gain can be improved. 
[01 01] According to the biological signal transmission 
apparatus of the present invention, the two loop anten- 
nas disposed so that the opening faces are placed in a 
direction almost perpendicular to the living body surface 
and are almost at right angles to each other, and a micro- 
strip antenna having a radiation plate and a base plate 



opposed in parallel with the living body surface, the base 
plate being placed nearer to the living body surface, are 
provided, so that the three antennas make a comple- 
ment to each other in directivity and the gain can be im- 
s proved. 

[01 02] According to the biological signal transmission 
apparatus of the present invention, at least one of the 
loop antennas and the microstrip antenna Is contained 
in the transmitter, so that the person on whom the ap- 
10 paratus is placed is not restrained as compared with a 
monopole antenna, etc., placed on the outside. Further, 
the manufacturing cost of the support supporting the 
electrode and placed on the living body surface can be 
reduced. 

fs [01 03] According to the biological signal transmission 
apparatus of the present invention, the loop antenna or 
the microstrip antenna can be placed on the support oc- 
cupying a larger area than the transmitter, so that the 
loop opening area of the loop antenna can be enlarged 
and the areas of the radiation plate and the base plate 
of the microstrip antenna can be made large. Thus, the 
gain and band width can be improved. 
[01 04] According to the biological signal transmission 
apparatus of the present invention, the microstrip anten- 
na having a radiation plate and a base plate opposed in 
parallel with the living body surface, the base plate being 
placed nearer to the living body surface, is provided, so 
that the microstrip antenna placed in parallel with the 
living body surface can be thinned and a large projection 
such as a monopole antenna is removed from the living 
body surface. Since the base plate is placed between 
the radiation plate and the living body surface, the an- 
tenna performance is less affected by the living body. 
[01 05] According to the biological signal transmission 
apparatus of the present invention, the microstrip anten- 
na is contained in the transmitter, whereby the patient 
is not restrained as compared with an antenna placed 
on the outside such as a monopole antenna. Further, 
the manufacturing cost of the support supporting the 
electrode and placed on the living body surface can be 
reduced. 

[01 06] According to the biological signal transmission 
apparatus of the present invention, the microstrip anten- 
na is Integral with the support and is connected to output 
of the electric circuitry through a connection member 
and the transmitter is placed on the support. Thus, the 
radiation plate and the base plate can be placed on the 
support occupying a larger area than the transmitter, so 
that they can be formed largely and the gain and band 
width can be improved. 

[0107] According to positioning of biological signal 
transmission apparatus of the present invention, ECG 
wave which is highly correlative to ECG detected in the 
method of standard limb lead (II) can be obtained by po- 
sitioning two electrodes in the vicinity of first and second 
intercostal space left sternal border parallel to clavicle 
on a left chest or at area defined between a xiphoid proc- 
ess and a navel perpendicular to a midsternal line on a 



25 



30 



35 



40 



45 



so 



12 



23 



EP 0 925 756 A2 



24 



chest that help diagnosis of ECG wave easily. 6. A biological signal transmission apparatus compris- 

ing: 



Claims 

1 . A biological signal transmission apparatus compris- 
ing: 

at least one electrode for detecting a biological 
signal; 

a support for supporting said electrode, said 
support being placed on a living body surface; 
a transmitter having electric circuitry for 
processing the biological signal detected on 
said electrode; and 

at least one loop antenna for emitting the bio- 
logical signal processed by the electric circuitry 
to a receiver, said loop antenna being disposed 
so that an opening face is placed in a direction 
almost perpendicular to the living body surface. 

2. A biological signal transmission apparatus compris- 
ing: 

at least one electrode for detecting a biological 

signal; 

a support for supporting said electrode, said 
support being placed on a living body surface; 
a transmitter having electric circuitry for 
processing the biological signal detected on 
said electrode; and 

two loop antennas for emitting the biological 
signal processed by the electric circuitry to a 
receiver, said loop antennas being disposed in 
such a manner that opening faces are placed 
in a direction almost perpendicular to the living 
body surface and are almost at right angles to 
each other 

3. The biological signal transmission apparatus as 
claimed in claim 1 or 2 wherein at least one of said 
loop antennas is contained in said transmitter. 

4. The biological signal transmission apparatus as 
claimed In claim 1 or 2 wherein at least one of said 
loop antennas is divided into two parts, wherein one 
loop antenna division part is placed in said support 
and the other is placed in said transmitter, and 
wherein said transmitter is placed on said support, 
thereby putting the loop antenna division parts into 
one piece. 

5. The biological signal transmission apparatus as 
claimed in claim 1 or 2 wherein said loop antenna 
is integral with said support and is connected at both 
ends to output of the electric circuitry through con- 
nection members and wherein said transmitter is 
placed on said support. 



an least one electrode for detecting a biological 
s signal; 

a support for supporting said electrode, said 
support being placed on a living body surface; 
a transmitter having electric circuitry for 
processing the biological signal detected on 
^0 said electrode; 

at least one loop antenna for emitting the bio- 
logical signal processed by the electric circuitry 
to a receiver, said loop antenna being disposed 
so that an opening face is placed in a direction 
almost perpendicular to the living body surface; 
and 

a microstrip antenna having a radiation plate 
and a base plate opposed in parallel with the 
living body surtace, the base plate being placed 
nearer to the living body surface. 

7. A biological signal transmission apparatus compris- 
ing: 

at least one electrode for detecting a biological 
signal; 

a support for supporting said electrode, said 
support being placed on a living body surface; 
a transmitter having electric circuitry for 
processing the biological signal detected on 
said electrode; 

two loop antennas for emitting the biological 
signal processed by the electric circuitry to a 
receiver, said loop antennas being disposed so 
that opening faces are placed in a direction al- 
most perpendicular to the living body surface 
and are almost at right angles to each other; 
and 

a microstrip antenna having a radiation plate 
and a base plate opposed in parallel with the 
living body surface, the base plate being placed 
nearer to the living body surface. 

8. The biological signal transmission apparatus as 
claimed in claim 6 or 7 wherein at least one of said 
loop antennas and said microstnp antenna is con- 
tained in said transmitter. 

9. The biological signal transmission apparatus as 
claimed in claim 6 or 7 wherein at least one of said 
loop antennas and said microstrip antenna is inte- 
gral with said support and said loop antenna or said 
microstrip antenna is connected to output of the 
electric circuitry through a connection member and 
wherein said transmitter is placed on said support. 

10. A biological signal transmission apparatus compris- 
ing: 
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at least one electrode for detecting a biological 
signal; 

a support for supporting said electrode, said 
support being placed on a living body surface; 
a transmitter having electric circuitry for s 
processing the biological signal detected on 
said electrode; and 

a microstrip antenna having a radiation plate 
and a base plate opposed in parallel with the 
living body surface, the base plate being placed io 
nearer to the living body surface. 

11. The biological signal transmission apparatus as 
claimed in claim 1 0 wherein said microstrip antenna 

is contained in said transmitter. is 

12. The biological signal transmission apparatus as 
claimed in claim 10 wherein said microstrip antenna 
is integral with said support and is connected to out- 
put of the electric circuitry through a connection 20 
member and wherein said transmitter is placed on 
said support. 

13. A method of diagnosis of ECG wave using the bio- 
logical signal transmitter according to claim 1, 2S 
wherein said biological signal trasnmitter includes 

at least one two electrodes, comprising the steps of 
positioning said at least two electrodes in the vicinity 
of first and second intercostal left sternal border par- 
allel to clavicle. 30 

1 4. A method of diagnosis of ECG wave using the bio- 
logical signal transmitter according to claim 1, 
wherein said biological signal transmitter includes 

at least two electrodes, comprising the step of po- 35 
sitioning said at least two electrodes in the vicinity 
of the area defined between a xiphoid process and 
a navel perpendicular to a midsternal line on a 
chest. 
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FIG.2 
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(54) Biological signal transmission apparatus 

(57) An electrode 4 for detecting a biological signal 
and a loop antenna 3 are integrally mounted on a sup- 
port 2 placed on the surface of a living body and a trans- 
mitter 5 is placed on the support 2. A biological signal 
detected on the electrode 4 is input through a connector 
1 1 to electric circuitry 1 0 of the transmitter 5 and an elec- 



tric signal processed by the electric circuitry 10 is output 
through connectors 12 and 13 to both ends of the loop 
antenna 3 from which the biological signal is emitted to 
a receiver. At this time, the opening face of the loop an- 
tenna 3 Is In a direction almost perpendicular to the sur- 
face of a living body for improving sensitivity. 



FIG.1 



10 



4 

(5J 



V 



AMPLIFICATION 
SECTION 



H 



2 



-.12 



.-^-13 







7 




^8 




MODULATION 
SECTION 




POWER SUPPLY 
SECTION 



TRANSMISSION 
SECTION 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 925 756 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 4770 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of dccumeni with indication, where appropriate, 
of relevant passages 



Relevant 
to daim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



US 5 673 054 A (HAMA) 

30 September 1997 (1997-09-30) 

* column 5, line 9 - column 6, 

* column 8, line 8 - column 9, 

* figures 1-3,7-138 * 



line 24 * 
line 36 * 



GB 2 261 290 A (MA6ILL) 
12 May 1993 (1993-05-12) 

* page 7, line 10 - page 9, 

* figures 2-4 * 



line 10 * 



US 5 181 025 A (FERGUSON ET AL.) 
19 January 1993 (1993-01-19) 

* column 2, line 15 - column 3, line 4 * 

* figures * 



WO 94 01039 A (SEGALOWITZ) 
20 January 1994 (1994-01-20) 



page 19, line 5 - page 20, line 13 * 
page 24, line 19 - page 26, line 26 * 
figures 1-6 * 



The present search report has been drawn up for all claims 



1.6,7 

2,3,8 
1,6,7,10 

3,5,8,12 
10 



6-8,11, 
12 

1,2,6,7, 
9.10,13, 
14 



A61B5/00 

A61B5/0404 

A61B5/0408 



TECHNICAL FIELDS 
SEARCHED (int.CI.6} 



A61B 

HOIQ 



Place c1 seatcli 



THE HAGUE 



Date ci comDlatbn oi tia ssaicn 

22 December 2000 



Examnef 

Chen, A 



CATEGOHY OF CITED DOCUWIENIS 

X : particularly relevani it taken alone 

Y : paricula/ly reievani if comoinea with another 

documcni of lh€ same calegory 
A : technotogicai background 
O : non-wrilien disclosure 
P : {ntermeciaie docurneni 



T : theory or principle underivlng tlie invention 
£ : aartier patent docunieni, but published on. or 

after the filing dale 
O : document cited in the appBcalion 
L : document cited for other reasons 

& member ot the same pateni lamity. corresponding 
document 



EP 0 925 756 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 12 4770 



This annex iists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the Eurooean Patent Oflice EDP file on 

The European Patent Office Is In no way liable for these panicuiars which are merely given for the purpose of Information. 

22-12-2000 



Pateni aocument 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5673054 A 



GB 2261290 A 



30-09-1997 



DE 69216983 D 

EP 0538485 A 

HK 1000299 A 

WO 9220117 A 



12-05-1993 



CA 
EP 
MO 
JP 
US 



US 5181025 A 19-01-1993 



NONE 



WO 9401039 A 20-01-1994 



US 
EP 
OP 
US 



2123126 
0611288 
9308734 
7500748 
5749365 



5307818 A 
0648089 A 
7508903 T 
5511553 A 



06-03-1997 
28-04-1993 
20-02-1998 
12-11-1992 



13-05-1993 
24-08-1994 
13-05-1993 
26-01-1995 
12-05-1998 



03-05-1994 
19-04-1995 
05-10-1995 
30-04-1996 



6 For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of tlie Official Record 

BEST AVAILABLE IMAGES 

fective images within this document are accurate representations of the oriein 
cuments submitted by the applicant. 

Jfects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 



Uf FADED TEXT OR DRAWING 

I^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

&REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




